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This study examined the association between trait depression and information-processing biases. Thirty
participants were divided into high- and low-trait depressive groups based on the median of their
depressive subscale scores according to the Basic Personality Inventory. Information-processing biases
were measured using a deployment-of-attention task (DOAT) and a recognition memory task (RMT). For
the DOAT, participants saw one emotional face paired with a neutral face of the same person, and then
were forced to choose on which face the color patch had first occurred. The percentage of participants’
choices favoring the happy, angry, or sad faces represented the selective attentional bias score for each
emotion, respectively. For the RMT, participants rated different types of emotional faces and subsequently
discriminated old faces from new faces. The memory strength for each type of face was calculated from
hit and false-positive rates, based on the signal detection theory. Compared with the low-trait depressive
group, the high-trait depressive group showed a negative cognitive style. This was an enhanced recognition
memory for sad faces and a weakened inhibition of attending to sad faces, suggesting that those with
high depressive trait may be vulnerable to interpersonal withdrawal.
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Cognitive biases refer to information-processing biases,
such as memory and attentional biases, favoring negative
information. Empirical evidence suggests that depressed
individuals differ from non-depressed ones in that they
display a preference in processing depression-related word
stimuli (e.g. “loss” and “failure”). For example, Bradley et
al found that, in incidental recall tasks, patients with de-
pression recalled many more negative words than normal
controls [1]. Watkins et al found that depressed patients
had better implicit memory for negative words than normal
controls [2]. Using the emotional Stroop task, Gotlib and
Cane found that depressed persons had a slower speed
of color naming with depression-relevant words than with
neutral or positive words, suggesting that they could not
shield themselves from the processing of negative words
[3].
On the other hand, normal persons tend to shift their
attention away from negative information. For example,
Gotlib et al compared depressed and non-depressed un-
dergraduates to examine how they allocated attention to
a pair of emotional and neutral words [4]. Although de-
pressed persons did not show an attentional bias favoring
the negative words, non-depressed persons showed an
attentional bias favoring the positive words. Similarly,
McCabe and Gotlib found that depressed women attended
equally to positive, negative, and neutral stimuli, whereas
non-depressed women avoided attending to negative stim-
uli [5]. A literature review by Matt et al revealed that non-
depressed people recalled more positive than negative
word stimuli [6]. This seems to suggest that processing
biases favoring positive information are a protective fac-
tor for mental health.
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According to Beck’s theory [7], cognitive biases are
derived from the operations of distorted schemas, which
are prior knowledge and experiences represented in long-
term memory. The schema functions as a filter through
which depressed individuals selectively attend to, en-
code, interpret, and retrieve environmental information in
a negative way. In other words, the schema operates in all
stages of information processing. Therefore, depressed
patients will enhance their attention to, as well as recall
of, negative information congruent with the schema. As-
suming that the personality trait of depression contains
depressed-related schemas, it is predicted that people
with high-trait depression may show both memory and
attentional biases for depression-related stimuli.
This study explored whether normal people with trait
depression displayed the same cognitive biases as depressed
patients. To examine attentional biases for emotional faces,
we adopted the deployment-of-attention task (DOAT
[5]), in which one emotional (angry, sad, or happy) and one
neutral face of the same person are paired to serve as stim-
uli, and then participants are forced to choose on which
side of the face the color patch first occurs. To examine
memory biases for emotional faces, we adopted a recog-
nition memory test (RMT [8]), in which different types of
emotional faces are presented, and then participants
must decide whether or not they have seen each face pre-
viously. Based on Beck’s theory and the previously re-
viewed findings, our experimental hypotheses were that:
high-trait depressive participants would show a greater
memory bias and a greater attentional bias for sad faces,
relative to low-trait participants; and low-trait depres-
sive participants would show a greater memory bias and
a greater attentional bias for happy faces, relative to high-
trait participants.
METHODS
Participants
Thirty students from Kaohsiung Medical University,
Taiwan, participated in this study in return for a small
monetary reward. The 11 males and 19 females were aged
between 17 and 23 years. All had normal or corrected-to-
normal visual acuity and were unaware of the purpose of
the study. Three of them did not finish the DOAT because
they did not return for a second session.
Stimuli
The face stimuli were black-and-white photographs of 240
volunteers (mostly undergraduate students) displaying
different emotions. Sixty people had rated all digital pic-
tures. Faces were categorized as one type of emotion if
more than 60% of raters agreed. A total of 160 photographs
of 80 persons were selected for the DOAT. One emotion-
al and one neutral face of the same person were paired to
serve as stimuli. Each picture was 8 × 6 cm as presented
on a 17" color monitor. The distance between the clos-
est sides of each picture was 1.9 cm. Three types of face
pairs, with 16 pairs for each, were used: angry–neutral,
sad–neutral, and happy–neutral.
Another 160 pictures taken from 160 persons, including
40 angry, 40 sad, 40 happy, and 40 neutral faces, were
divided into two sets, A and B, for the RMT. Set A, 20
pictures of each type, were seen at encoding by half of the
participants, but not by the other half, and vice versa for set
B. During the memory test, all participants saw both sets
of faces mixed together and determined whether they
had or had not seen each face previously.
Apparatus and procedure
All participants completed a personality test, the Basic
Personality Inventory–Chinese version [9], and were then
directed to the computer for two tasks, the DOAT and RMT.
Stimuli were presented on a 17" color monitor. Partici-
pants sat in a chair in a dimly lit booth. The monitor was
placed at eye level on a table. The viewing distance, mea-
sured from the surface of the monitor to the participant’s
eyes, was fixed at approximately 50 cm. Participants res-
ponded by pressing keys on the keyboard.
Half of the participants underwent the DOAT first,
while the other half underwent the RMT first. For DOAT,
the stimulus events included a fixation display, a face pair
display, and a dot display (Figure). A fixation symbol “+”
was first presented in the fixation display. Participants
were instructed to fixate on the “+” throughout the trial.
After 200 ms, the “+” disappeared and a pair of faces of the
same person expressing different emotions were present-
ed on the dark screen background for 300, 400, or 500 ms at
random. Then, a pattern mask with a pair of patches in blue
replaced the faces in the same locations. Participants had to
determine which side of patch, left or right (or up/down),
appeared first, and respond by pressing the “Z” key if the
left (or up) side of the patch appeared first or the “/” key if
otherwise. The whole experiment, including 192 trials, was
equally divided into four blocks, of which two blocks were
for the left–right choices and the other two were for the up–
down choices. The task lasted about 25 minutes.
For the RMT, there were two phases, encoding and
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recognition. At encoding, one set of faces was presented,
for 7 seconds each. Participants imagined under what situa-
tion they had ever met him or her, and then responded as
to how pleasurable the situation was. During the recogni-
tion memory test, all faces, viewed pictures mixed with
new ones, were presented one at a time. Participants
pressed one button for the “old” face and another but-
ton for the “new” face. This task lasted about 25 minutes.
Data analysis
The percentage of participants’ choices favoring the angry,
happy, or sad faces was computed, representing the at-
tentional bias scores. The memory strength (d’) was cal-
culated from the hit and false-positive rates. The hit rate
was the percentage of participants’ making positive res-
ponses to the old pictures. The false-positive rate was the
percentage of participants’ making positive responses to
the new pictures. According to the protocol of Snodgrass
and Corwin [10], we corrected the hit and false-positive
rates by adding 0.5 to the frequency of hits or false posi-
tives, and 1 to the sum of old or new pictures, to avoid hit
or false-positive rates of 1.0 or 0, because the correspond-
ing z scores are infinite. The d’ score was computed using
the corresponding z scores of the hit and false-positive
rates, based on signal detection theory [11].
RESULTS
The mean ± standard deviation (median) of all depressive
subscale T-scores was 54.2 ±  11.90 (54.0; range, 38–78). All
participants were divided into high- and low-trait groups
based on the median. Seventeen participants who scored
at least 54 were assigned to the high-trait group and 13
participants who scored less than 54 were assigned to the
low-trait group. Demographic characteristics are shown in
Table 1. The two groups were not significantly different
either in age or gender, t(28) = 1.29, p = 0.21 and χ2 (1,
N = 30) = 0.34, p = 0.56, respectively.
Attentional bias scores are shown in Table 2. The planned
t tests were conducted separately for each type of facial
emotion to compare attentional bias scores between the
two groups. Low-trait participants did not show signifi-
Figure. The stimulus
events in one deploy-
ment-of-attention task.
Fixation display Face display Color patch display
300, 400, or 500 ms200 ms Until response
Table 1. Demographic characteristics and trait depression
scores
High-trait Low-trait
(n = 17) (n = 13)
Age, yr (mean ±  SD) 20.23 ±  1.82 19.31 ±  1.75
Gender
Male 7 4
Female 10 9
Trait depression scale 62.41 ±  8.62  43.38 ±  4.57
(mean ±  SD)
SD = standard deviation.
Table 2. Attentional bias scores
High-trait Low-trait   Planned t
(n = 15) (n = 12)
Facial emotion
Angry 0.535 ±  0.09 0.484 ±  0.05 1.63
Happy 0.550 ±  0.10 0.513 ±  0.08 1.03
Sad 0.504 ±  0.07 0.448 ±  0.06 2.09*
*p < 0.05. Data are expressed as mean ±  standard deviation.
+
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cantly greater attention to happy faces, t(25) = –1.03, p =
0.32, but high-trait participants showed significantly great-
er attention to sad faces, t(25) = 2.09, p < 0.05.
Nonetheless, when comparing each attentional bias
score with a random guess score of 50%, the results of one-
sample t tests showed that only low-trait participants’
bias scores for sad faces were significantly lower, t(11) =
–2.86, p < 0.05. High-trait participants’ bias scores for sad
faces were not significantly different from 50%. There-
fore, high-trait participants showed a greater attentional
bias for sad faces because low-trait participants avoided
attending to the location where a sad face appeared, ra-
ther than because high-trait participants were hyper-
vigilant to the location of sad faces.
The mean hit rates, false-positive rates, and d’ scores
for each type of face are shown in Table 3. The planned t
tests were conducted separately for each type of facial emo-
tion to compare the d’ scores between the two groups.
Low-trait participants did not show greater strength of
recognition memory for happy faces, t(28) = –0.94, p =
0.36, but high-trait participants had greater strength of
recognition memory for sad faces, t(28) = 2.48, p < 0.05.
This suggests that memory biases favoring sad-valence
information can be a cognitive indicator of high-trait de-
pression.
DISCUSSION
The results seem to support the hypotheses derived from
Beck’s theory [7]. That is, high-trait depressive participants
showed not only attentional bias but also memory bias speci-
fically for sad faces, relative to low-trait participants. How-
ever, the attentional bias can mainly be explained by the
fact that low-trait depressive participants avoid attending
to sad faces, not because high-trait participants were hy-
perattentive to sad faces. This finding is similar to that of
McCabe and Gotlib [5], who reported that non-depressed
individuals avoided attending to negative words relative
to depressed individuals. A possible explanation for this
result is that high-trait people are less able to inhibit the
processing of sad faces relative to low-trait people. Inhi-
bition of processing of sad faces can be a protecting fac-
tor when confronted with negative information. If the
inhibitory ability cannot function well under such circum-
stances, people may experience emotional distress that
may develop into emotional disorders if they tend to at-
tribute this negative emotion to something related to
them [12].
In addition, the finding that high-trait depressive par-
ticipants showed memory biases for sad faces seems to
support Williams et al’s model [13], which suggests that de-
pression causes elaborative processes for negative infor-
mation. Elaboration is a controlled process in which the
activation of the internal representations of a sad face
leads to the activation of associated internal representa-
tions, making the sad face easier to subsequently retrieve.
Accordingly, high-trait depressive people may experi-
ence emotional distress more often through interperson-
al interactions. For example, when interacting with peo-
ple who sometimes express sadness or unhappiness on
their faces, which may indicate, for example, “Sorry, I
cannot help”, high-trait depressive people with a negative
cognitive style may especially pick up negative interper-
sonal cues instead of positive or neutral cues. Therefore,
they more often feel rejected, unsupported, or distressed
by the people that they are interacting with. This nega-
tive affect may, in turn, trigger their negative schema,
which may produce thoughts of loss, failure, inability, and
unworthiness. When those negative feelings and thoughts
are taken together, negative memory (or cognitions) of in-
terpersonal interactions may be formed. As a result, they
respond more negatively to interpersonal interactions
and, eventually, are trapped in an intensifying cycle of a
negative cognitive style, and experience more negative
interpersonal interactions. It is reasonable to infer that
Table 3. Hit and false-positive rates, and d’ scores for each
type of emotion
High-trait Low-trait Planned t
Hit rate
Neutral 0.724 ±  0.17 0.624 ±  0.22 1.40
Angry 0.789 ±  0.14 0.742 ±  0.17 0.82
Happy 0.710 ±  0.16 0.716 ±  0.18 –0.10
Sad 0.696 ±  0.16 0.635 ±  0.17 1.00
False-positive rate
Neutral 0.167 ±  0.08 0.181 ±  0.12 –0.38
Angry 0.164 ±  0.09 0.242 ±  0.16 –1.67
Happy 0.130 ±  0.09 0.181 ±  0.13 –1.27
Sad 0.147 ±  0.08 0.207 ±  0.07 –2.10*
d’
Neutral 1.710 ±  0.74 1.340 ±  0.43 1.72
Angry 1.960 ±  0.74 1.530 ±  0.57 1.83
Happy 1.870 ±  0.59 1.670 ±  0.58 0.94
Sad 1.690 ±  0.54 1.210 ±  0.49 2.48*
*p < 0.05. Data are expressed as mean ±  standard deviation.
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high-trait depressive individuals will experience more
interpersonal problems (cf [14]) and more depressive
symptoms, although this inference awaits further inves-
tigation.
Depressed patients exhibit negative cognitions [1–3,
14], but we cannot say for certain that negative cognitions
are the causes of depression, because the former could be
nothing but the consequence of depression. In this study,
we found that high-trait depressive participants showed
the same negative cognitive style as depressed patients.
This cognitive style must play a role in the mechanisms of
risk for depression among high-trait depressive people.
This implies that interventions designed to modify cogni-
tive biases may reduce the risk of depression.
In conclusion, compared with low-trait depressive par-
ticipants, high-trait participants show a negative cognitive
style of enhanced recognition memory for sad faces and
weakened inhibition of attending to sad faces. These
findings support a hypothesis, derived from Beck’s theo-
ry, that cognitive biases in trait depression, both memory
and attentional biases, are content-specific [2,6,14]. The
information-processing biases for interpersonal stimuli im-
ply that high-trait depressive individuals may easily experi-
ence emotional distress along with feelings of unworthi-
ness and failure in interpersonal interactions and, even-
tually, withdraw themselves from social interactions alto-
gether.
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